Abstract K+ concentrations were measured in vitro with K+ sensitive microelectrodes in the microclimate at the luminal cell surface of the colon of guinea pigs. The serosal K+ concentration was mostly 5*4 mmolll, the mucosal K+ concentrations were changed (0, 5, 50, or 70 mmol/l). Under control conditions K+ concentrations in the microclimate of the proximal colon were also low (6-9 mmol/l) and rather independent from K+ concentrations in the bulk luminal solution. In the distal colon K+ concentrations in the microclimate increased from 3-7 mmol/l when no K+ was in the luminal solution, up to 22 mmoVl when the mucosal K+ concentration was 70 mmoiIl. Attempts to decrease K+ conductance of the apical membrane with Ba++, to impair K+ transport with ouabain and to increase the paracellular shunt with deoxycholic acid did not affect K+ concentrations in the microclimate of the proximal colon but decreased K+ concentrations in the distal colon. When valinomycin or triaminopyrimidine were added to the mucosal solution at high K+ concentrations in the luminal solutions the K+ concentration in the microclimate was raised. At low luminal K+ concentrations valinomycin had no effect, triaminopyrimidine significantly diminished K+ concentrations at the cell surface. Regional differences in paracellular shunt conductance and in the preepithelial diffusion barrier are thought to be responsible for the observed differences between the proximal and the distal colon. Obviously, however, further unknown mechanisms have to be involved.
The mucus layer at the luminal surface of the colon in guinea pig is a region where pH values' and K-concentrations2 are maintained within a narrow range. These values can be very different from those in the bulk luminal fluid. H-and K-concentrations in this microclimate are independent from the concentrations in the luminal solution, and the concentrations are closer to the respective concentrations at the serosal side of the epithelium. It was suggested2 that a high pre-epithelial diffusion barrier and a high paracellular permeability may be major factors determining ion concentrations in the microclimate at the surface of the colonic mucosa, and that epithelial transport mechanisms may be less important. The aim of this study was to investigate the effects of alterations of the paracellular shunt and of the K-conductance of the apical membrane on the K-microclimate.
Methods ANIMALS AND EXPERIMENTAL PROCEDURES
Male guinea pigs (Schlieker, Warbsen), weighing between 400 and 500 g, were fed ad libitum with a commercial diet (Altromin 3022, Lage) and were allowed free access to tap water supplemented with vitamin C. They were anaesthetised by an intramuscular injection (0-1 ml/100 g body weight of a 1:1 mixture of 200 mg/ml xylazine (Rompun®, Bayer, Leverkusen) and 100 mg/ml ketamine hydrochloride (Vetalar®, Parke Davis, Munchen)). After excision of the colon the animals were killed by intracardial injection of 0 5 ml T 61' (0-2 g/ml embutramid, 0 05 g/ml mebe-zonjum-iodide, Hoechst, Frankfurt).
The colon was resected from the anaesthetised animals and put immediately into oxygenated Krebs-Ringer solution at room temperature (Table I) . Proximal and distal colon segments' were opened along the mesenteric border, and their contents were removed by floating the tissue in the solution. The muscle layers were 'subtotally' stripped by a method similar to that described by Nellans et al. 3 Care was taken to keep the mucus layer intact on the epithelium. For further preparation of the proximal colon only areas between taenia free of Payer's patches were used. The tissue was mounted in an in vitro chamber and fixed by six small steel pins, mucosal side up, over a 7T0 mm opening of an acrylic lid. The method has been described recently.2 An acrylic disc was placed on the mucosa and was sealed with a layer of silicon (Baysilon, Bayer, Leverkusen). Warm (37°C) Krebs-Ringer solution, previously gassed with 95% 02 and 5% C02, was filled to the serosal side of the epithelium. The mucosal solution, heated by a water jacket, was perfused at 1-2 ml/min. Factors affecting the potassium concentration at the mucosal surface ofthe proximal and the distal colon ofguinea pig KKICa, KK/Mg) were calculated using the formula 20 mmol/l Hepes; Ca-concentration was reduced to 1 mmol/l and Mg+-to 3 mmol/l. Valinomycin and triaminopyrimidine were added to the control solution. The addition of triaminopyrimidine and the necessary titration to pH 6 with HCl increased the osmolality to 340 mosmol/kg. The respective control solution in this study was also adjusted to pH 6 and 340 mosmol/kg by titration and by adding mannitol. In solutions containing deoxycholic acid (DCA), Ca and Mg-concentrations were decreased to 1 and 3 mmol/l respectively, 2,4,6-triaminopyrimidine was obtained from Sigma Chemie (St Louis), valinomycin and ouabain from Serva (Heidelberg), deoxycholic acid from Merck (Darmstadt) and D-1-'4C mannitol from Amersham-Buchler (Braunschweig). All other chemicals were purchased from Fluka (Neu-Ulm).
Concentrations of K+ and Nat in the solutions were estimated by flame photometry (Radiometer FLM 3, Copenhagen) and the osmolality by freezing point depression (Roebling, Berlin).
PERMEABILITY OF THE COLONIC MUCOSA FOR MANNITOL
To evaluate changes in the paracellular permeability '4C-mannitol permeation rates were measured."' Experiments were performed in incubation chambers similar to those described by Lukie et al.II The aperture exposed 0 39 cm2 of tissue to the solutions. The incubation beaker (mucosal side) was filled with 20 ml KrebsRinger buffer (KRB). 0 75 ml KRB solution containing 20 mmol/l unlabelled mannitol were added to the serosal side. Hydrostatic pressure gradients were avoided by adjusting the central cylinder. The rate of stirring was always 500 rpm. The tissue was prepared as described above. Experiments started with a pre-incubation period of 30 minutes in the unlabelled solution. Then the plug with the tissue was transferred to another beaker containing the test solution with 2-5 [kCi/l 14C-mannitol. After 30 minutes aliquots of 0 5 ml were taken from mucosal and serosal solutions. Each sample was mixed with 5 ml instagel II and radioactivity was measured in a liquid scintillation counter (460C, Packard).
The permeability for mannitol (P in cm/s) was calculated as the '4C-activity in the serosal fluid after 30 minutes divided by the mean '4C-activity Deoxycholic acid (DCA) (6 mmol/l) and triaminopyrimidine (TAP) (20 mmol/l, pH 6-0, 340 mosmol/kg) were added to the luminal solution. n= 3 for the proximal and distal colon; values are calculated from 8-9 measurements (for P control of the proximal colon n= 14 with 42 measurements). ***p<0-001.
POTASSIUM SELECTIVE MICROELECTRODES
The potassium selective microelectrodes were constructed by Duffey's method,5 using potassium selective liquid exchanger (Fluka 60031).
The outside of the electrode tip was sometimes coloured black (Edding 3000) to make visual control easier. Before each experiment the electrodes were calibrated in 1*5, 15, and 150 mmol/l KCI solutions as well as against the test solutions. The electrode selectivity for K-was tested by the separate solution technique6 using Na-, K-, Mg++, and Ca++. Selectivity coefficients (KK/Na, in the mucosal fluid; tissue area (0 39 cm2) and time of incubation (1800 s) were taken into account.
Results are expressed as mean with standard deviation (SD). Differences were analysed using In the control experiments without valinomycin, K+ concentrations at the luminal surface of the proximal colon (6-7 (1 8) mmol/l) did not change with increasing luminal K+ concentrations from 0 to 70 mmol/l. In the distal colon, the K+ concentration in the microclimate increased significantly in the control group from 3-7 (0 6) mmol/l, when no K-was in the luminal solution, up to 215 (6&5) at a K+ concentration of 70 mmol/l (Fig 1) . Data are similar to those of a preceding study.2
Addition of valinomycin to the luminal solution resulted in significantly higher K+ concentrations at the luminal surface in the proximal and in the distal colon when the K+ concentrations in the luminal solution were higher than 5 mmol/l; values increased to twice or three times the controls (Fig 1) .
Decrease ofapical K+ conductance with Bat + (5 mmol/l)
To lower the K+ conductance of the apical membrane, the K+ channel blocker barium was added to the luminal solution. Two different serosal (5 4 and 10 mmol/l) and two luminal (5 and 50 mmol/l) K+concentrations were used.
In the proximal colon, Ba+ + had no significant influence on the K+ concentrations at the luminal surface (Fig 2) . In the distal colon, on the other hand, K' concentrations in the microclimate were decreased slightly. Ba++(5 mmol/l) in the serosal and the mucosal solution had no effect on the K+ concentrations in the microclimate of the proximal colon (Fig 3) .
In the distal colon K+ concentrations in the microclimate were decreased by ouabain treatment. The effect of Ba-plus ouabain was not different from the effect of Ba++ added to the mucosal solution alone (Fig 2) . solution K+ concentrations at the luminal cell surface approach more closely K+ concentrations of the serosal solution. In the proximal colon only the tendency of such a change was seen; in the distal colon this effect was significantly higher when the luminal K+ concentration differed from that of the serosal solution (Fig 4) .
Decrease of paracellular permeability with 2,4,6-triaminopyrimidine (20 mmolll) Triaminopyrimidine increases the resistance of the gall bladder, a model for leaky epithelia, by blocking cation selective channels within the tight junctions.'3 A concentration of 20 mmol/l at pH 6-0 is necessary for this effect. In control experiments it was shown that the lower pH and the higher osmolality had no effect on the K+ concentrations at the luminal cell surface compared with the solutions with pH 7-2 and 300 mosmol/kg. After addition of triaminopyrimidine K+ concentrations in the luminal microclimate approached more closely the K+ concentrations in the bulk luminal solution (Fig  5) . When no K+ was in the luminal solution K+ concentrations in the microclimate decreased to near 2 5 mmol/l. When concentrations in the bulk solutions were similar on both sides of the epithelium (5 and 5 4 mmol/l) concentrations at the luminal surface did not change. At higher Kconcentrations in the luminal solution (50 and 70 mmol/l), K+ concentrations in the microclimate increased significantly compared to control without triaminopyrimidine.
Effect of deoxycholic acid and triaminopyrimidine on mannitol permeability of the colonic epithelium In the proximal and the distal colon of guinea pig deoxycholic acid caused highly significant (p<0001) increases in mannitol permeability. Adding triaminopyrimidine to the luminal solution, however, did not produce a decrease in mannitol permeability (Table II) . view was supported by the findings of the present study, where drugs were added to alter the K+ conductance of the apical membrane, the transcellular K+ transport or the paracellular permeability of the colonic epithelium.
FACTORS AFFECTING THE K+ CONDUCTANCE OF THE APICAL MEMBRANE OR THE TRANSCELLULAR K-TRANSPORT
Active K+ secretion and active K+ absorption have been shown in the distal colon of rabbits and rats.'"'9 The addition of the K+ channel blocker Ba-+ to the mucosal solution decreased active K' secretion20 indicating that K+ secretion involves a K+ exit out of the cell through Ba++ blockable K+ channels in the apical membrane. The small effect of Ba++ on K+ concentrations in the microclimate in the present study, however, indicates that the K+ conductance of the apical membrane under normal conditions is too small to considerably affect the K+ concentrations in the microclimate. In the proximal colon of the guinea pig, luminal Ba++ as well as serosal Ba++ plus ouabain had no effect on K+ concentrations in the microclimate. In the distal colon, Ba++ decreased K+concentrations in the microclimate under both experimental conditions (Figs 2, 3) , K+ concentrations at the luminal cell surface increased significantly (Fig 1) when valinomycin was added; valinomycin is expected to increase the K+permeability of the apical membrane.'2 The increase was especially marked when the K+ concentrations in the bulk luminal solution were high.
We may conclude that in the proximal colon of the guinea pig under our experimental conditions transcellular K+ transport does not seem to play a major role in maintaining K+ concentrations in the microclimate; in the distal colon, on the other hand, there seems to be a certain influence of K+ secretion or absorption on K+ concentrations in the microclimate.
A number of questions arise from the foregoing findings. For instance, an increase of the K+ concentration in the microclimate by means of a raised apical K+ conductance would result in a depolarisation of the apical membrane, and Triaminopyrimidine is known to diminish the cation permeability of the paracellular shunt in the gallbladder. 13 Compared to the control studies, addition of triaminopyrimidine resulted in K+ concentrations in the microclimate more closely aligned to the K+ concentration in the luminal solution (Fig 5) . The mannitol clearance (Table I) was not decreased by triaminopyrimidine; mannitol passes tight junctions through 'neutral' pores; and triaminopyrimidine affects the cation selective pores in the tight junction by its positive charges.
An unselective increase of the paracellular shunt permeability with deoxycholic acid was previously shown for the rabbit colon.30 De- oxycholic acid significantly increased the mannitol clearance for the guinea pig colon (Table I) . A missing effect of deoxycholic acid on the K+ concentration in the microclimate of the proximal colon (Fig 4) may be due to an already high paracellular shunt in this section of the colon during control conditions. In the less leaky distal colon of the guinea pig, a rise in the shunt with deoxycholic acid led to lower K+ concentrations in the microclimate, probably through a 
